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Fish Health and Diversity:
Justifying Flows for a California Stream

By Petex B. Moyle, Michael P Marchetti, Jean Baldrige, and Thomas L. Taylor

ABSTRACT

Efforts by a citizen’s group, Putah Creek Council, o Improve the flow regime of a California stream
for ecosystem, aesthetic, recreational, educational, and research purposes led to a successful court
trial in which fish conservation played a key role. A major issue around which the trial revolved
was the proper interpretation of a section (5937) of the California Fish and Game Code, which states
that fish must be maintained in “good condition” below a dam. We defined good condition to mean

munities. This definition resulted in a conceptual model for instream flows for the ereek that
favored native resident and anadromous Gshes, The stream flow recommendations from this model
had four components: living space Bows for the entire creek, resident native fish spawning and rear-
ing flows, anadromous fish flows, and habitat maintenance flows, The trial judge, in attempting to
balance competing demands for the water, crdered the Implementation of anly the first two recom-
mendations. The order has been appealed by the water interests, but regardless of the final cutcome,
the court’s decision reflects the growing public interest in protecting streams, the need. for innova-
tive use of existing legal tools to try to protect aquatic resources, and the importance of biclogical
information in developing flow recommendations for complex fish assembiages.

“Without fundamental changes i pedicies and eniranmen-
tal ethics.. bipdiversity will continiue to deteriorate Fishery
meavagers st begin to make that message clear.”

—American Fishgries Socizty
1997 Position Siptoment on Biodiversihy
w. . iodiversity is being lost in aquatic environ-
7 --Inents even faster than it is being lost in terres-

£)  trial environments (Moyle and Williams 1990
gl Abramovitz 1996; Leidy amd Moyle 1997). The
problam is particularly acute in streams and rivers (Allan
and Flacker 1993; Allan 1995). In the western United
States, most streams of any substantial ize have had thaiy
flows aitered by dams, reservoirs, and diversions, with
generally negative effects on the native aquatic biote
(Stanford et al. 1996). The importance of quantity quality,
and timing of instream flows for maintaining fish popuia.
tions in repnlated rivers hag long been recognized and has
led to the development pf various methodologies that
attempt to debermnine through modeling kow much water
hieeds 1o be left in & particuiar stream or stream reach for
fish-(Giltian and, Brown, 1997). These methods tead to
focus on single species, swually pame or commendal fish-
&, using 3 Tirnibed set of physical parameters that affect
fish distribution and abundance: depth, velocity, subsirate,
fmd tempezature (Orth and Mavghn 1982; Moyle and
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Baltz 1965). Application of single-species or single-life-
stage instreqan flow models is of limited value in the face
of the emerging mandates for ecosystam-hased fisheries
management using adaptive management strategjes
(Castleberry et al. 1996; Schramm and Fubert 1996).

In California, and in the West in general, aquatic biolo-
gists and managers are increasingly recognizing that
reversing the loss of native agnatic Organising poqueires an
ecosystern-based approaciy stream flows Dot ondy nieed to
be increased, but seasonal patterns of flow need o be
restored to resemble the originel, unbmpeded patterns
Strange et al. 1992 Stanford et al. 1996; Doff ot al. 15997,

- For example, in recent negotiations shout instream Aows

in the lower Tuclomme River, California, the need for

. Increased Floves was never an issue: the Tegotiations
. Instead centered on how large the inrease should be and

how flows should be timed to benefit chinook salmon -
{Omeorfynchus ishaangbscha) and the rivering ecosystam
(Moyle and Yoshiyama 1997). Unfortunately, legal and
regulatory tools available to obrtain instream Aows specifi-
caliy for aguatic ecosysterns are limited in qumber and
£cope, and are often compiex in application (Gillian and
Brown 1997). In Califorria the State Water Resoumes
Contral Board has denied all applications for water rights
to protext instrearn fows for fish (Thomas 1996). A pro-
mising approach s to enfoace the longstanding but ttle-
used Section 5837 of the California Department of Fish
and Gaxae (CDFG) Code (Biaoechi 1980), which states the
following
" The gwner of any darm shail aifow sufficient wajer

at all imes to pass through a fishway, or i the #fence *

of a fishway, allow sudficent water ko Pass over,

avoundd, or through the dam, ro keep in good condition
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any fich that may be planred or exist
- edow the dam

The critical term good condition is nor
defined in the code, but in an historic
comurt case that resulfed in increased
- Bows in streams fAowing ingo Mono laka,
Mono County (Koehlor 1996), a state
court basically accepted the definition of
CDFG Biologist Darrall Wang:

“The instream flows nercessary to
keep fish in good condition inchide - :
those which will maintxin a seb-sus- T e
taining population of desirbiy sized 2 ‘ : e
2dult..fish which are in good physical
<ondition.... The fish popuiations
shanld contain good numbers of dif-
ferent age classes; and habitats for
thase age clasees should xiot be limit-
ing....The ecological heaith of a stream
will determine if the fish...are to be
kept in good condition {Unpublished
testimony, 1593, State Water Resomrees
Control Beand).”

Another section of the Fish and Game
Code defines both fish and aquatic inves-
tebrates as fish, expanding the ecosystern SRR TR A '
enbiancement possibilities of Section 5937 Undergraduates Lisa Konyecsni (sonding), Pt Crain, and Ry Kurth process samples
aven further of fizh from Putzh mm&mmfepmmm& takes notes on

In 19% a state trial court used an eco-  their findings. Increased public intzrest in and sspport for healthy aquatic ecosystems
system-based version of Wong's definition have made fisheries-elated trials newsworthy.
of good condition under Section 5957 to
arder the release of
more water down Figure 1. Pastah Creek, Solano and Yolo counties, Califemis, was dammed i 1957 creating Bemyasssy
Puatah Creek in Resznroir and drasticaily ehanging the Bow regime downstream of the teservoir,

Solano and Yolo
counties, Califormga,
to inprove agquatic
habitat conditions.
One of this paper’s
anthers, Peter
Moyle, used this
eceaystem-based
approach during
the trial whils testi-
fying as o1 expert
‘wilniess. We presert
it here not only be-
canse of its broad
applicatality i
California, but alse
because it containg
grals that should
be nsefr gleewhare
WHEN songystem-
based ranagement
is requiired. TRe
comrt dacision aise
13 lngeriant be-
canse it implicithy
recognized that the
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“onseration of native fizh comrmemities, even if oo endag- STOW, surmmer flows whers quite low (usvadiy <2I3 5‘5}, and the
&=red species are present, is appropriate under the good-cundi- of Putah Creek were citen Intenyittont by
ﬁmtemhtSaﬁnnSBS?.Iuﬂﬁspaperweﬁrstdescﬂbeﬂ)the Inte sumimes, althon

PutahCI.eek watershed, (2) tbeeveutslﬁdingtuthe:ﬁudicial 5 dimfishassemblagehthereachmw
m.-der 0 nerease instream fAows, and (3) the three-tiored defin-  fiopded by Berryessa i
@nnfor!‘ﬁhmgnndamdiﬁunusedduﬁngmetial.%mm %rpmmm:hmw&efamrddammamuf&wsﬁeof
discss the implications of the definition for managing aquatic  Monticeilo ; i 3
blodiversity.

of the Sacr, Te 1576} i 3 .
Putah Creek mam%ilf:ym{uy 1976} in a series of assem.

ThePuzahCmekwatMSheddrainsﬂ!eMacaynmsMom ﬁshe_salsomprﬁeminlowmmbe:s
hhumNapamdealmcmnﬁamwmeaﬁfmhand W},humchhnoksalmm,mdhuﬁclmmmﬂam-
ventually fows through Solano and Yolo counties inko the petre brideatnta) (Shapovalov 1947),

Yolo Bypasy, a fload control chanrel that empties into Sacra- Before Euro-American setifement of the region, the water-
mmtnRiveriuﬁtabuveitsesmryfFigum!}.Mvuaﬁrin shedwhmb&e?anﬁnpeople;ammma]suﬂies
ﬂ:esysMentms&mnmhxfaﬂinmeMnte:Hisumlgmast Minwmqrmﬁedmbpﬂ:ﬂwmsﬁmandamsﬁsh
ofthi&watermnnffquickly,causingﬁtquﬂxtﬁmdamthg for food (P Schits, Catt a Department of Parks and
valley floor. Bacause the mountains are 100 low to acciumdate  Recreation, FETs. comin. As the area berame more heavily

N T 2
Xﬁuﬂ" % P century; the creek becama
increesingly treated a8 a ditch
fnrﬂondcunml,dﬂinage.
i gravel mining, and trash dis-
posal. For example, to reduce
23 Hooding neay the town of
5 Davis, part of the creek was
' channalized in the 18705, and
Hmaimﬂssnﬂhenﬁgiml
stream channel were abeon-
doned, including the reach
5 orrrently in the central campus
| of the University of California
% —Llavis (LICDarvis). Marry
j nonnative fishes were intro-
} duced or spread Into the qreek
] starting in the late nineteerth
y century, and species such as
white catfish (ftalurus catys),
bhuegill (Lapomis macrochins),
maﬂmwﬁ:baﬁqwrmptm;s
Maﬁ.uﬁmcﬂp
(Cyprinus carpin) came to domi-
nate the fisheries in the lower
ereek (Shapovalov 1947). Even
though the lowermast reach of
% ﬂmecreekbe:zmeincrensiugijr
degraded in the first ha'f of the-
twentieth cenhiry, it continuad
%o sirpprort substantial popula-
tions of native and nonnative
fighes

In response to the nead for

8 flood control and for 2 refiabie

regional sounce of water far

farms, dities, and military

| bases, the Burezn: of Reclazaa-

. 3
during the 19505, completing it

in 1957 (Smith 1991). The off-
stréaun water supply from the

Val. 25, Mo, 7




i Py
A

Solano Project iy mznaged under contract Figune 2. This generalbeg o :

? 1 T A : amr?ofmmmm&anbuﬁunnfmmmnnmﬁﬁmsin
with uthe B’-Ir:;.anc;; gﬁmﬁﬁh the Ceniral \aliery draimage of Califomia teflects the historic stuaton m Putah Creel
the biggest waber user in the Solang H : H
County Water Agency (SCWA). The cen- Rainbrw Treut : I —
terpiece of the Sofang Project is Monti- il Scuipin i S ——
callo Dam, which impounds Berryessa Speciiod Dace ; _* - :
Reservoiz This reservoir has a capacity of Callfurniy Koad : EE—— H
L& million acve feet of watey storage amd : Peae! bt 3 i i
covers almost 14 mj of the original chan- L~ ' : H H
nel of Putah Creek. Water released from @i Sesemeute dmkec e ————— ;
Berrpessa Reservoir Sows eastward in the 8  Sarammnte Seudtan m ]
creek channel for close to 8 mi before it i i .
xeaches Solane Rerservoir and the Putah mm-h: H :
DivemimDam(FDD}.whmmustcﬁtis iricily Scaloe “' : :
d.imtuisouthfhnmxgbthei’ﬂtah&uﬂ\ mmmh_ i
Cana!!numinﬁulaxm(immty:ne EacTmants Poson *.I__ :
reach between the two dams has cold’ ' Thicktall Chus e E—— : i
water and substantial flows Fear-round, g : :
antd supports a fishery for byth wild and : ﬁﬁ‘ﬂ"' H
domestic rainbow trout. Belgw PDD, only 8 VALLEY FLOUR :
minimal flows have bean requined under e . i
aﬁxed:elaseadtaduleimposedbyﬂw gl_ mnmm i
State Water Resources Conbrol Board in 13- i . :
1970 (Table 1), mainly to recharge = g Feckme Lasyroy 1 :
grouncwater and satisfy riparian rights, £ : i
resulting in a parmaanent sineam for ap- - .
proximately 3 mi The creek continutes east for 20 mi until it mz:?_m;:ﬁm a::d aa-eg‘.:c:_s. after years t;fe negglctah'n:lugs

res in such events as Vis rem

reaches the Yolo Bypass and, ultimataly; the Sacramento
make any special requests for

Riwver. The CDEG filed ko

university land to be the Putah Creek Riparian Reserve (offi-
cially in 1984, de firote since 1979 and a citizen’s

envirotirnen-

wnterorﬁawregmasinﬂteimmcreak,althcughiheﬂﬂe

Water Resauvces Comirol Board (arder 81-11) kad athorized  tal group, the Putah Creek Council (PCQ), forming in 1987,
theagﬂmytodosdinwsl(&ﬁmﬁm).Underthelﬂm SRDnd,Califnmiawash&w&hannjnrdmugbt&man?to
schedule, relesses were allowed 10 be reduced even further lﬂz‘mc!rmghtledmadecreaaeinﬂmareleasedhmﬂm

dtu‘ingchyyea:ssulargesec&omoime
creek below the diversion dam were com-
Fletely dewaiered during somg years,
Native fish fauna managed to persist
in the post-project period, both n the
short permanently watered reach beigw
the diversion dam snd in a few isolated
large pocls farther downstream that were
sustained by subsurface flow, irtigation
tail water (imported from the neighboring
Cache Creek watershed), and sffluent
from a sewage treatment plant and aqua-
citliure operations on the UCDavis cam-
pus (Figure 3). However, the dowrnstream
pools were dominated by nonnative fregh-
water fishes such as bluegill, white cat-
fish, and Targemouth bass (M. satmpides)

(Figure 4).

The Putah Creek trial

The coniroversy reganding the neer]
for increased flows in Putah Creek below
PDD argee becavse of twe factors, First,
the week had become increasingly recog-
wized by the local citizenry as an amenity

with pesitive values for education,
Jly 19ea :

shevrs how they were

Bucrmmonts Blar ki

Figure 3. The typical distribution
concentrated immediately below the Pump Diversion

- Sectibsety Pasek 0o Mg ot I srual
Thicktall Chali Ewivot: |

Gadramnmniy Spitttadl N fomper 3o 4y mosad
Fhite Stwrgawn Sao facmier waand in arm

Pattem of native Kshes i Jower Putsh Creek, 1980-1955,
Darn.

TRrrpion Skctetack il ; )
mhmn—_-— S T —
Fhomenanie Sgureiish _-——--_.._._.:
= N> Lostger T —-—. , [ . :
Swclted Dury K kopyars whant b crwak i
Taltlarnle Konoly =
Poalfic Lapeey IR S— oNT
Lo 3 T S — MICRATORY
St Trous Iilleean o
e Geivhe EIR : L { ' i .
1 ZX£3a WM 1 B ol

wmﬁmmm»wmm«;
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knwer creels from the diversion dam and a reduction of other

soumces of water as well. Long reaches of the creek began o

dry up in 1989, and major die-offs of fish began occurring.

The remaining fish were temporarily saved through a combi-

nation of interim court-ordenad flows; the purchase of water

by the City of Davis, Yolo County, and UCDavis; negotiated
releases of additional water by SID); continued discharge of
effluent into the crask by UCDavis; and other emnergency
measures, However, atterpts to negotiate 2 parmanent solo-
tion to the problem failed, and as a resuit the Posh Creek

Council, joined later by UCDavis and the City of Davis, sued

SCWA, SID, and other Solano Project member units for addi-

* tional water in Aagust 1950 (Putah Creek Coundil v Solane Ir-
rigatiom District, Sacramenio Connty Superior Comt No.

_ 515766). An injunction briefly inceased mipases during the
summer of 1990, keeping same parts of the epeek from drying
1y, but the injunction was lifted in the fall (Smith 1991), In
1091, as legal maneuvers continted, the creek largely dited
ap, oxcept for the reach immediately below the diversion
dam and a few barge poals fed by effluent and growndwater.
The drought continued in 1982, but the creek was kept flow- -
Ing, by water donated by UCDavis and the Alhamabra Pacific
Conpany, arranged by the City of Davis. In 1993 the drought
brake, and the creek has experienced higher Sows in the

SArs Since.

The trial spamned five weeks in March and April 1996, For
oomplex reascns, the university advocated a somewhat differ-
ent position during the trial in regard to Aow recommenda-
tions than the Patah Creek Council (PCC) and Gy of Davis.
In this paper we distnss only the PCC position, which we
developed. However, for the most part the three complain-
anty presentexd 2 unified rase, and we use POC mostly as a

“shorthend for the entire group. Likewise, the Solans County
Water Agency (SCWA) and the Solano Trrigation Dietrict
(51D}, the main deferdants in the case, are used in this paper
10 & Feheries

Figure 4, The typica) distribution pattem of comenon nonmative fishes in lewer Putsh Creek, to represent all water wsers in Solane
1980-1995, shaows they were mast abundart in the farge pooks of the kwermnost reaches | County.
of the aeek The trial requlted in fudge Richard K.
- Park ordering a 50% increase in the mini.
y Jeortoued v refesse schedule freim the diversion
dam (approximately 10, 000 additonal
_m acre feet of water per year} to keep the
© distibotion creek Howing all the way to its moath in
o the Yolo Bypass and to provide additional
: = Desasiared water for spawning and rearing of native
Caifint [ R ———— fishes (Anonymous 19%6, Table 1. This
t:"mn:unh woeamnii e e S — was lass water than the phkintiffs had
[N R—— : u— asked far, bat it was nerestheleass consid-
::: m e -;-_.-_-........_.-_.-. ered to be a victory because the additional
Wit Cutilh oo etestsn e stream. In his decision Park recognized
Laq eansenfiiifimee v ——— ‘that Patah Creek had high value for the
Hsneﬁym:t—: —.w preservation of biodiversity:
Grenn Suniish — e e —— “...the present ralease schodule has
Blusuin ol ssns e — impaired the contineed viability of this
has] had a negative efiect on the educa-
LI 918 W B L 2 tuontal vesources of the creek and on the
- Distance Downnstresn Froms Putais Diversion Dawn {milec} bireds atud anizeals that call it home?
: . The legal basis for his decision was
Bectivm 5937, the Public Trust Doclrine,

and Artiele 10, Section: 2 of the California Constitution. The
Public Trust Dovtvine and California Constihrtion will nok be
discwssed here, although they ave other iraportand tools for
restoring, flows to streams in Califouniz and elsewhere
(Koehler 1994; Thomas 1996; Gilliam and Brown 1997). The
SCWA, SID. and other Solano Project member unifs are
appealing Park’s dedsion, but a decision in the mear future is
not likely. Teovo of the benefits of the trial were (1} intense
examination of the concept of fish being in “zood condition,”
with an emphasis on ecological health, and (2) development
of evceystem-baged flow recommendations.

Fish in goad condition: a three-tiered
approach

Pecause Putah Creek has substantially more complex fish
-assemblages than other streams to which the Section 3937
ghod-condition cxiterion had previously been apphed, we

developed a definition that encompasses three levels of Fish
heaith: individual level, population level, and commumity
level

Indiidugl level

At the individual leva most fish in a heslthy sizeam envi-
ronment should have a robust bady conformation; should be
relatively free of diseases, parasites, and lesions; should have
reasonable growth rates for the region; and should respond
in an appropriate manner to stimul Sprague 1990). In other
words, a heaithy fish is one that vhviously looks good taa
hiyman abserver, is not stunted, and will take sappropriate
evasive action when a predator or angler approaches.
Because water quality is fairly high when Putah Cregk is |
flowing, fizh typically have fow deformities or obvious
health problems. Student shudies direced by the senior
suthor and length frequency analyses indicate that growth

Yol 13, Mo 7
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rates of most species are typical for ther =
region. Thus, most individua] fish appsear

to be in good condition when they are e
allowed tc live in the creek. Obviously, i
fish killed as the vesult of the cyeek drying = &
up were notin good condition.

Population level
Previous interpretations of Sectian 595375
phrase goud condition were applied at the
popuiation level fu single species. For exam. |
ple, during testimony at the 19¢3 Meno
Lake trial, CDFC Bislogist Darcel] Wongs
defired if in relation to the normative brown,
trouut (Salm frutta), the principal fish specieg
present. Wong considerad gond condision s
mean that each population must have (1)
muiltiple age classes (evidence of reproduc-
ton), (2} 5 viabhla population size, and (3)
individuals {as above). Vishle popu- B
{ation size is a hard number to naif down
{both i theory and practice}, 50 fwo surro.
gabehﬁmwmmerﬂiedonmﬂmcaseof
. EXtensive
mcmn;:mttﬂm histp- Competed in 1957, Manticelio Dam Captures most of the water in the Putah Creck
1y stages. The second, was that af] life histg- drainage and stones & o Berryessa Reseruir
Ty stages and their tequirsd habitats should ]
have a broad enough Among the species and by maltiple rophie levels,
the species indefin; (B)hresm)entmwmingﬁnmmmemm, -
@) ispersisﬁeminspeciésmmzbershipﬂmlghﬁnm.and
(5} is replicated geographically.
In other words it is & dynamic assamblage of fighes that

diversion dam, had very limited habitat availabie to thern,
indicating that long-term persistence was

doubHi considering their isalation from -

other populations ard their potential 1o be 3

devastated by natural or unmatiral disas- 5 -

ters,

Contmunity level
- Good condition or health at the com-
manity level is 3 complex concept be-
- cause fish cognmunities are ng
dynamic in structure and composition, It
Is essentially equivalent to the biotic
inbegrity <oncept of Rarry {1981, 1993},
Commurity henlth 1a o hecessary condition
to defing in stroams with myliiple specias
because not just any collecton of species
is sustainabje through tme. In California
a fish commanity in good healeh (with a
high value for an Index of Biotic Integrity
such a5 those ig Movle and MarchetH, in
Press) in one thae
{1} is dominated by co-evobved specisg,
@ able structuye as
indicated by lmited hiche overlap
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including assemblages made up Jargely of nonnative species,
can behave for short periods similarly to & netive assemblage
{e.z.. Meng ot 2. 1955). Of course, persistence of non-coe-
vplved assemnblages has not been tested through long stretches
of time (>3} years). In the case of Putah Creek, the govd-com-
munity-heatth definition is not sver mot by the netive fish
assemblage inomediately below the diversion dam (Figure 3)
because that assemblage’s and resitience is doubt-
ful, given its limited distribution and its solarion. In addition,
the parficuler complex assemblage of nabive speces present in
the reach, while once common, appears to have Jargely disap-
peazed from £he region and to have been replaced by subsets
of the native fauna or by mixures of native and nennative
species (Leidy 1984). The rarity of this native fish assemblage
miade is ton # t and & focts of the evidence pre-
sented at the &rial. While the noamative assemblages of fish in -
the lowermost reaches of the crsek 4} also wauld nat
be considered in good health by the sbove cribexia, they are in
no danger because the spedes, in varions combinations, dami-
nate the waters of the Sacramenite Valley Boor (Moyle 19761
Alsp, many of the combinations of nonnative spedies found in
California are naturally widespread in the eastern United
States.

Ecosystem-based flow recommendations
Histarically, mansgement of repufated streams has

focused on economically importad species, usaally irout and
salmaon (Sabwontidar). This type of management often has con-
tributed to the population declines of other native fishes that
typically require different flow regimes. In Putah Creek the
native fishes were not copsidersd when the Solanc Project
was built, and Fow releases from PDD wera nsed to satisfy

12 # Fisheres

Lo = 4T - aa

Much of lower Putah Creek dried up during
1982 and 1990, leaving fish in a feaw reme
.mmpmis.Thlsplmnwastakzn in August
5 oo, (elty -

Putah Craak in the reach above Stevenson
Road Bridge, aimost 10 miles below the -
Putah Diversion Dam, biseorically kad year-
roamd flows, This pictire was taken

September 1924, (helow)

npwanwawrr@u}mmmandpmwdegmmdwaher
recharge (Smith 1991). The trout fisheries in the coldwarter
reach batween Monticello Dam and the diversion dam—as
wdlasﬂ:emandmkudumdpmﬁshﬁshmesm
Berryeasa Reservoir-—had been considered by the California
Departraent of Fish and Game 25 adequate replacements for
Foherios lost froma the 37 mi of stream either depleted of
water or Aooded by the reservoir. Prior to the closing of
Muonticelto Ciam in 1957, much of the oreek was poisoned
with rotencne in an unsuccessial effort to rid the upper
dreinage of commen carp and native “vough” fish, according
to CDFG fie reperts. Despite these efforts, an assemblage of
nativa fishes managed b0 persist in the permanent water
below the divergion dam, some anadromous fish comtinued
to run up the creek, and fisheries for vrarmwater nonnative
fishes developerd in pools in the lower reaches of the aeek
that were maintained by varicus souarces of water.

Dharing the trial, POC argued that these remnant popela-
tions of native fish represented a remnarkable restoration
opporturity and adwocted a broad ecological approach to
stream management that conld maximize the benefits from
Bemvibed armounts of water. The PCC requested flows ko pro-
vide for anadmmous fishes, a native fsh assemblage, and
fisheries for nonnative fghes as well as to inprove pverall
bipdiversity in fhe creek and its riparian zone. The Sow rec-
ommendations had four componants (Table 1): {1) sufficient
waber in the creek at all thoes to keep a comtinuous flow fo is
month m the Yolo By-pass; (2) enhanced flows I Febroary
and March to favor the spawning and rearing of native resi-
dent fishes; (3} halritat mainterance pulse flows every three to
five years to improve stream habitats and rechos cumbers of
expiic species not adapted to exivense Sow events; and {4)

Vol 23, Me. 7
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- make it more resistant to disruption by
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enhanced flows from MNovemiber through
April for the spawning and rearing of
anadromous fish, especially chinook
salemen. :

Under the recommended flows, only
small runs of anedromous fish would he
maintained, bag at least Putah Croet
could contribe 1o Hhe overall recovery of
salmon and sieelbead, species that ans in
serious decline in the Central Valley
(Fisher 1994): The flows would definitaly
allow for expanded populations of native
fishes so they could continue to exdst in 2
distinet assembilage (2 vailey Aoor transi-
ticnal assemblage} that has now become
rare. The longer stream rench that would
be ocaupied by the assemblage would

natural and unmataral disasters,
the emphasts was an, mantsining native

fishes, PCC also recognized the value of
the fishery for bass, catfigh, and other
fishes i the lower reaches of the craek.
Therefore, the recommended Aows aimed
to keep water in the lowermost sections
of stream that dry Up most years, creating

L.
3 16 " a
mmmmmmm;

warm, slow-moving pools Fhat favor non.
native game fishes. Overall, the PCC approach sought 1o
ensurg lower Putah Creek maintained 3 high divetsity of fish-
es of 21] types and sustained angling opportunities for local
residents,

Restoration or improvemeni?

One of the main argumenys used by SID and SWCA 2gninst
the PCC proposal to restore fish health in Putah Creak was
that the reqrired stream fows would represent 2 substantial
Improvement aver the naharal (historic) conditions in Hhe
lower ceek. The Pre-project lower creek was itermitient in
How (SID and SWCA stated it was sometirmes dry) and highly
degraded by human activity in and ouiside the channel
Because releases below the diversion darn already provided
several kilometers of permaneni streapn, SI0 and SWCA
svgued Hhat the project had already improved the stroam and

wres esponsiile for the existence of the native fich assembiage,

Ineszect,theyaxguadtbatﬁshmm“gmd iti
iumadiamlybelnwthedeusﬁmgwrmm&at

risk bicdiversity. The PCC arguments inchided the following.
(1) Increased Aows are needed to ensure that the fsh pop-
tiations and assemblages will tuly be sustainable no

July 1398

matter what else happens to the creek or watershed.
'Iheﬁshnmstbeingaodmmdﬁim in both wet vearg
and dry vears at all three levels of health. This means
lmﬁfﬂtmcﬁﬁms&maﬂowadivﬂseﬁshfaum mazgt
be maintained theoughout the creek beiow the diver.
sion dan.

(7} Construction of Berrvessa Reservoir flooded, a substan-
tial partion of the Putah Croek watershed, etiminating
or reducing populations of native fishes a5 well as vaju.
able riparian habitats. Nonmative game fishes and
planted tront are not an adequate substitute for the loss
of native fishes and their habikats, ;

3 Puizh Creekisoneufmyuwks that has been thot-
oughly altered by human setiviry: 1t ig differ=nt from
™08t ather streams in the region n that a :

Intact native fish fauna has persisted in a small sectian.
Therefore, this creates 4 SF@HFW(}(“DM

emly going to incresse, and the lessons learnedt from,
managing Putah Creek shoudd ba transferyable to other
streams with less of 3 constituency at this time.

(5} The endammed Puizh Creek once provided many
dovwnstream benefits such as Inproved conditions for
saloon and other fizh in theSammﬂwo—Squaqum
Estuary and annually flopded wetlands, benefits that
have largely been kst A healthy strearn with healthy,
wiverse fish popuiations is partial restoration of those
lost benefits,

{6) The Solanc Project was buitt Targely with puklic funds
andispmofthemta]mbudwalopme _
Central Valley. Combined siate and federal projects have
decimated the rative fish fauna of cantral Califormia, an
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Impact that was poorly appreciated at the time the pro-
jects were bujlt. Lower Putsh Creek provides an wnusial
Opporiunity to restore some of that logt fama.

Implicit in ail these argumeents is 3 change in public a#-
tides toward the Importance of Froviding water for nonero-
nomic benefits. There seems to be greater public acceptance of
the ideas that we need to maintain native fish assemblages
and other indicators of Biodiversity becanse it s time to start
making strempger connections to our lecal envirorment and to

actept our respansibility for the continued existence of other
creatires that share the planet with us.

insiream flows and biodiversity

KeyaspedsoftbecasepmsmtadbyPCEwminstram
How recommendations that attempted to integrate many
needs of the creek ecosysiem. These were based on expert

opnions, a few stream transects made under different flows. a .

long-term set of data from Moyle's anmmal fish, sampiing of the
creek with an ichthyology clags, and intense sampling of the
lower creek by both sides during the three years preceding the
tiaLTheBwuufRedamaﬂonabalﬁmedasmﬂymﬁgthe
Instream Flow Incremental Methodology (IFIMD presumably
becanse the complex channel geametry was imposaibla for its
engineers to model and because the high furbidity of the
vrater and the complesity of the fsh fanna made data coller
tioy for developing habitat suitability (PHABSIM) curves
extremely difficult. Nevertheless, we thought we presented a
reascmable set of fow recommendations that would ensure the
long-term survival of the native fish assemblage and raintain
ar ® the far nonnative game fishes (Figure 5).
wmx;pmm\% team of biclogists working with PCC
t!'ﬂughttlwinueasedﬁuwswwldmhmﬁparimand other
natoral values of the creek and help further change pubke per-
-¢eption, of the creek from a dry ditch to a Jiving ecosystem

Leaders of the Putah Creek Counc, Susan sandars
hold 2 press conterence in the dry steeam bed in August 1990,

14 # Ficheries

{right) and Robin Xulakowr {centar),

witlt high amenity values. The considerable tocal publicity
Surrounding the irial helped to increase public awareness of
ﬂwvahmnf&eawk.'lhehialfudgeagmédwiﬁtthemc
amiysisofthesimaﬁdninlowhhhcéekmﬂwiﬂmur
dedinition of good condition when applied to the fish. While he
endorsed the idea that restoring native Ssh communities was

4 Wighly sppropriate goal, he also tecogiized the water supply
needs of the water agencies, Therefore, he ordered a fow
mﬁm&ataﬁ:mptedhubalmcethetwotjpﬁuﬁnteres!s:

{1) Sufficient flows should be released during the sununer
mkeepwenﬂ:elmrmostreadmﬂhemkasaliv-
mg siream, essentiaf for maintaining all resident fish &y
good condition. Lo

{2} Spring Bows, essential for mainkining the resident
native fishes i goodmmdiﬁou,shaul'dbeinuﬂsad for
spawning and rearing of native fished.

(Slmmmmﬁﬂammﬂomrélqueﬂ:edﬁm
Spawning and renring af chinook salmon and other
madmmaspeciesmnutjusﬁﬁmbecamnfm
naturally small or intermittent nature bf the runs, Park
mindthatbecauseﬂlehistnricmlgofénadmusfmh
mmeue&mmmemmmsts;oimsﬁxhgﬂwm
wmmhigh,mninﬂ:emmufrjegimwﬁde

4} The reruasted hnbitatmairﬁemnceﬂqws wauld not be

mderedbemethewatercmﬁswmm}ﬁghmd
becacse nanrral high-flow events oocnr periodically that
miglit satisly the need. :

WthIDandSWCAappealedﬂwded@muuPutah
CmekCoundjandﬂ:eCi(yofDaﬁsﬂedaqmsappeat
assrrﬁn,gthall’arkshnnldmthavedmied&lmmquestsfm
habitatmaintenanmmdamdmmousﬁsh%mmecouw
mdthecﬁymgued&ntﬁeﬁhn&%?doesmtpemﬁt:mﬁﬁn-
h\gﬁshmmthewmdmandsofﬂmwaftaagmdmv

A Rather, Section 5537 requdres that all fish-
£ es. including satman, must be maintained
w @ geod condition. ;
Conclusions :

. The Putah Creek trial is representative in
many ways of actions being taken through-
out North America 4o protect and restaoe
auatic ecosyztems (Doppelt ot al 1993). In
this case, a5 in many others ja Incal citizen's
group was the catalyst in & ucressfal chat-
ngemthemymterwasgﬂacamdbya
majar water project. A key b the sucess of
ﬂlePutahDeekandLbufidesawilﬁng-
Dess on B part of its leadership to invest
h:genmmmtsofmmfnﬂ_’draiﬁngmd
leaders.&ipacﬁviﬁa,wasim'iabiﬁtymget
hm]imﬁmﬁom(m:‘nasﬁmjﬁtyofm
and UCDavis) to join its efforts and to find
highlyqualiﬁedmﬁsbm:ﬂingmmk
Wiﬂ:thcmindeml}mgderfendahle, ratio-
nal meskration podicies. But it is unlikely that
the Hiat would have beepmfmassﬁﬂ,_if

i ad public for zesheni
Putah ek 2.3 it sty o
ics, recreation, teaching, ard research had
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not existed, From a legal and political perspective, the Putab
reck izl alsa showed that aceptable instream flow Tecommen-
Jations can be made vsing qualitative, as opposed to guantitative,
models. [n addition, a fortuitows serjes of wet years have at least
partially valided the bivlogy behind the model we developed,
jacluding suepessful spavwning of chinook 58]1!1!?11 n .the u'eek.

We bope that the broad defmition of keeping fish in good
comiition presented here can be used in tesolving other con-
licts about allocation of water in regulased steams to pro-
vide more water for aquakic ecasysterns and their inhabitants.
We agree with Park, whose 5 April 1964, opinion statad,

wpytah Cresk _is a treasure. It is a home for binds, for
wildlife, for waterfowl, fishes, tress, and vegetation, It's an
entire ecosystem in the middle of a beavily farmed agricul-
tural environment, It's a place for people to watch bixds.
fish, canpe, to kdck back and enjoy the sights, sounds, and
the smells.” Jagie
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